E PINEPIIRINE and many similar drugs are widely used ini the treatment of serious cardiovascular disturbances. In this paper detailed information obtained in the treatment of patients with Stokes-Adams disease is presemited concerning the cardiovascular action.s of these drugs, especially their effeets on ventricular rhythmicity. Thereby, it is hoped, the choice and use of a particular drugm for a particular purpose will be improved.
1n the treatment of Stokes-Adams disease emeregency resuscitation froia cardiac arrest can be effected by external electric stimulation or countershock. For the acute problems of persistent ventricular standstill and frequently recurrent seizures, which often appear immediately after iesuscitation, intrinsic ventricular pacenmakers must be aroused, accelerated, and maintained. In the treatment of these problemas the effects of drugs on ventricular rhythmicity and atrioventricular conduction were evaluated. We have found the slow intravenous administration of dilute solutions of sympathomimaetie amlines to be an effective and safe technic. Epinephrine and isoproterenol were the amost useful a.,ents and were comaparable in efficacy and toxicity.
E PINEPIIRINE and many similar drugs are widely used ini the treatment of serious cardiovascular disturbances. In this paper detailed information obtained in the treatment of patients with Stokes-Adams disease is presemited concerning the cardiovascular action.s of these drugs, especially their effeets on ventricular rhythmicity. Thereby, it is hoped, the choice and use of a particular drugm for a particular purpose will be improved.
Because the ventricles beat in response to the sinioatrial pacemaker during normal sinus rhythm, the effects of drugs on the slower ventricular pacemakers are masked, except when vemitricular arrhythmias are excited. To observe the effects of drugs on ventricular activity in man indepeiident of the sinoatrial pacemaker, Gilchrist1 and later Nathausomi and Miller' studied patients with complete heart block. Nathanson3 also produced transient sinoatrial arre. or atrioventricular block by pressure on the carotid sinus, and during these brief periods lie studied the effects or drugs on ventricular rhythmicity. Although The variability of drug effect on the heart is strikingly illustrated again in figure 5. In 2 closely spaced trials iLoprotereinol readily arouse(l a ventricular )acemaker; other cardiac effects of the 2 doses, however, differed strikingly, even though they were given to the same patient so closely together and froni the same baseline of absent illtrinsic ventricular activity. In the first trial the basic ventricular pacemnaker slowed progressively and was interrupted by occasional conducted beats and frequent beats from other slow ventricular foci; in the second trial the ventricular pacemaker stabilized promptly and persisted at a Imuch faster rate than before with only a few nultifocal beats. This change in response emphasizes the caution necessary ill quantitating and ill (colmparillg the ('ardiac effects of drus.
On 1 occasion wimmcnylephrine w-as compared wvith epinephrine and isoproterenol ( fig. 6 of an established idioventricular pacemaker: after 100 ml. in 11 minutes, the R-R interval shortened from 3.56 to 2.76 seconds (17 to 22 beats per minute) ; after 150 ml. in 20 minutes, it changed from 1.40 to 1.28 seconds (43 to 47 beats per minute) ; and after 90 ml. given in divided doses in 1 hour, it shortened from 1.89 to 1.69 seconds (32 to 36 beats per minute). In 2 of these patients variable atrioventricular conduction was seen spontaneously or following administration of epinephrine; contrary to observations by others,7 atrioventricular conduction did not increase after sodium lactate in these patients. The fifth patient ( fig. 11) fig. 2) compared to 200 to 500 Jg.
The rapid appearance and disappearance of the effects of the drug contribute to safety by permitting moment-to-moment control. By the same token constant supervision is required; such close attention is feasible for emergencies but is impractical for long-term administration. For prolonged acceleration and maintenance, epinephrine, isoproterenol, and ephedrine may be given by other routes.
These rapid and clear-cut responses permit reliable measurements of the effects of these drugs and some comparisons of their actions.
The striking differences in effects of the same agent in closely spaced trials in the same patient (figs. 4 figure 7 , the production of ectopic activity by isoproterenol sandwiched between fairly uniform responses to epinephrine without ectopic activity permits the conelusion that isoproterenol was more toxic in this patient at this time. The somewhat different observation in another patient, shown in figure 11 , suggests the opposite conclusion that epinephrine was more toxic than isoproterenol. Variations of this kind from patient to patient emphasize the danger of generalizations about comparative toxicity on the basis of limited data.
In choosing between epinephrine and isoproterenol for patients with Stokes-Adams disease, one must consider the effectiveness of each drug in arousing, accelerating, and maintaining a ventricular pacemaker versus the risk of exciting ectopic ventricular activity.
It has recently been stated12' 13 that isoproterenol is superior to epinephrine because its effective dose is smaller and because it does not lead to ventricular tachycardia or fibrillation. The latter conclusion is based in one instance 12 (ABS()N, PAUL, AND NORMAN ing a ventricular pacemaker in doses that were not significantly different. In any case, differences in doses are not aii important basis of eoiulparison; consideratioiis of safety are of mieuch greater clinical significance. Both drugs produced minor toxicity, in the form of excessive acceleration and premature ventricular beats, which disappeared promptly when drug admi iiiistratioii was stopped. These untoward manifestation.s were infrequent and occurred about equally with both drugs.
Clear differences between the 2 drugs lie in their effects on the blood pressure and oil the sinoatrial rate. Epinephririe usually had a marked pressor effect, whereas isoprotereniol had no effect or lowered the blood pressure. Isoproterenol usually accelerated the sinoatrial rate miiarkedlyN, whereas the effect of epinephrine was comparatively slight (figs. 6 and 11) . In Platients; with atrioventricular conduction this action of isoproterenol mayresult iii a rapid ventricular rate with untoward clinical manifestations. In figure 10 
